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S.1. Inorganic PM2.5 model evaluation using CSN observations 
Model performance was evaluated against speciated PM2.5 observations at CSN sites.  The monitoring 
site locations and modeling domain are shown in Figure S.1, and site information is provided in Table 
S.1.  Daily average observations of NH4
+, NO3
-, SO4
2-, and Na+ were made using ion chromatography, and 
daily average measurements of calcium, potassium, and magnesium were made using X-ray 
fluorescence.  Data used here were taken from the California Air Resources Board 2012 Air Quality Data 
DVD (August 2012, Data DVD Number: PTSD-2012-035-DVD).  Please see 
http://www.arb.ca.gov/aqd/aqdcd/aqdcd.htm for further details on the data. 
The statistical metrics used in the model performance evaluation are shown in Table S.2.  Model 
predictions are matched in space and time with observations by pairing the predicted concentration in 
the grid cell containing the observation site with the observed concentration for the corresponding time 
period. 
 
Table S.1. Information on monitoring sites shown in Figure S.1. 
ID Name Latitude Longitude Address City County Air Basin 
060371103 Ls_Ang-NMain 34.06659 -118.22688 1630 North 
Main Street 
Los Angeles Los Angeles South Coast 
060658001 Rvrside-Rubi 33.99958 -117.41601 5888 Mission 
Boulevard 
Rubidoux Riverside South Coast 
060290014 Baker-5558Ca 35.35611 -119.040278 5558 California 
Avenue 
Bakersfield Kern San Joaquin 
Valley 
060190008 Fresno-1st 36.78139 -119.772222 3425 North First 
Street 
Fresno Fresno San Joaquin 
Valley 
CalNex Pasadena 34.1408 -118.1223 CalTech Campus Pasadena Los Angeles South Coast 
CalNex Bakersfield 35.3463 -118.9654 UC Cooperative 
Extension Kern 
Bakersfield Kern San Joaquin 
Valley 
 
Time series comparisons of modeled and observed inorganic PM2.5 component concentrations at 
Rvrside-Rubi, Ls_Ang-NMain, Baker-5558Ca, and Fresno-1st are provided in Figures S.2-S.5.  A statistical 
comparison for these data is provided in Table S.3. 
Spatial patterns of NO3
- concentration for 24-29 May 2010 when elevated NO3
- concentrations were 
simulated are shown in Figure S.6 
The relationship between NH4
+ and 2SO4
2-+NO3
- for daily average PM2.5 data at CSN sites during May-
June 2010 is shown Figure S.7.  We examine this relationship in understanding model performance for 
NH4
+ because NH4
+ concentrations are linked to those of SO4
2-and NO3
- through the influence of particle 
acidity on the vapor pressure of NH3.  A statistical comparison of NH4
+ and 2SO4
2-+NO3
- for observations 
and predictions at CSN sites in SoCAB and SJV is provided in Table S.4. 
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Table S.2. Statistical metrics used in model performance evaluation. 
Metric Formulationa 
Normalized Mean Bias (NMB) 
NMB (%) = 100
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aP refers to predicted value and O refers to observed value 
 
 
Figure S.1. CMAQ modeling domain with speciated PM2.5 monitoring sites in San Joaquin Valley and 
South Coast Air Basin 
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Figure S.2. Time series of observed and modeled 24-hr average inorganic PM2.5 component 
concentration at Rvrside-Rubi site during May-June 2010.  Vertical gridlines indicate 0 PST. 
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Figure S.3. Time series of observed and modeled 24-hr average inorganic PM2.5 component 
concentration at Ls_Ang-NMain site during May-June 2010.  Vertical gridlines indicate 0 PST. 
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Figure S.4. Time series of observed and modeled 24-hr average inorganic PM2.5 component 
concentration at Baker-5558Ca site during May-June 2010.  Vertical gridlines indicate 0 PST. 
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Figure S.5. Time series of observed and modeled 24-hr average inorganic PM2.5 component 
concentration at Fresno-1st site during May-June 2010.  Vertical gridlines indicate 0 PST. 
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Table S.3. Model performance statistics for 24-hr average inorganic PM2.5 component concentration at 
SoCAB and SJV CSN sites during May-June 2010. 
Ion Site Modeleda Observeda NMBb NMEb RMSEb rb nc 
NH4
+ Ls_Ang-NMain 2.05 (0.73-4.58) 1.47 (0.61-3.2) 39.8 71.3 1.3 0.45 8 
NH4
+ Rvrside-Rubi 1.7 (0.27-4.7) 2.55 (0.33-5.35) -33.2 37.5 1.2 0.83 17 
NH4
+ Baker-5558Ca 0.42 (0.04-1.12) 0.5 (0.25-1.23) -16 51.9 0.3 0.51 10 
NH4
+ Fresno-1st 0.34 (0.1-0.65) 0.44 (0.14-1.1) -24.1 60.1 0.4 0.02 18 
NO3
- Ls_Ang-NMain 3.77 (1.67-7.12) 3.69 (1.8-6.18) 2.1 45.8 2.2 0.12 8 
NO3
- Rvrside-Rubi 4.1 (0.64-9.56) 6.81 (0.66-14) -39.8 42.2 3.5 0.78 17 
NO3
- Baker-5558Ca 0.72 (0.06-2.46) 1.06 (0.32-2.75) -31.6 39.7 0.5 0.9 10 
NO3
- Fresno-1st 0.56 (0.11-1.36) 0.93 (0.2-2.08) -39.3 50.2 0.6 0.46 18 
SO4
2- Ls_Ang-NMain 3.42 (1.49-7.15) 2.5 (1.33-4.55) 36.9 59 1.9 0.42 8 
SO4
2- Rvrside-Rubi 2.12 (0.73-5.54) 2.54 (0.57-5.79) -16.6 29 0.9 0.8 17 
SO4
2- Baker-5558Ca 0.97 (0.46-1.41) 1.11 (0.76-1.86) -12 37.4 0.5 -0.26 10 
SO4
2- Fresno-1st 0.87 (0.34-1.38) 1.04 (0.55-2.4) -16.6 43.2 0.6 0.02 18 
Ca2+ Ls_Ang-NMain 0.19 (0.15-0.24) 0.05 (0.02-0.07) 278.9 278.9 0.1 -0.06 9 
Ca2+ Rvrside-Rubi 0.18 (0.07-0.27) 0.06 (0.01-0.09) 205.9 205.9 0.1 0.35 18 
Ca2+ Baker-5558Ca 0.09 (0.05-0.13) 0.06 (0.03-0.1) 41.1 44.7 0 0.51 10 
Ca2+ Fresno-1st 0.08 (0.02-0.13) 0.03 (0.01-0.06) 189.9 189.9 0.1 0.55 18 
K+ Ls_Ang-NMain 0.07 (0.05-0.09) 0.06 (0.02-0.07) 22.6 26.7 0 0.74 9 
K+ Rvrside-Rubi 0.06 (0.02-0.16) 0.07 (0.02-0.12) -10.5 45.5 0 0.08 18 
K+ Baker-5558Ca 0.05 (0.02-0.08) 0.06 (0.02-0.09) -21.1 32.5 0 0.39 10 
K+ Fresno-1st 0.05 (0.02-0.08) 0.04 (0.01-0.09) 32.5 47 0 0.59 18 
Mg2+ Ls_Ang-NMain 0.05 (0.03-0.08) 0.06 (0-0.15) -23.6 78.8 0.1 0.01 9 
Mg2+ Rvrside-Rubi 0.03 (0.01-0.05) 0.05 (0-0.15) -46.2 76.8 0.1 0.46 18 
Mg2+ Baker-5558Ca 0.01 (0-0.02) 0.01 (0-0.02) -0.3 49.4 0 0.66 10 
Mg2+ Fresno-1st 0.02 (0.01-0.03) 0.02 (0-0.11) 5.9 91.5 0 0.64 18 
Na+ Ls_Ang-NMain 0.22 (0.07-0.46) 0.64 (0.09-1.19) -65.2 73.3 0.6 0.52 8 
Na+ Rvrside-Rubi 0.14 (0.04-0.34) 0.67 (0.1-1.48) -79.1 79.1 0.7 0.5 17 
Na+ Baker-5558Ca 0.05 (0.01-0.1) 0.14 (0.03-0.46) -59.8 59.8 0.1 0.61 10 
Na+ Fresno-1st 0.07 (0.01-0.24) 0.18 (0.04-0.87) -62 62 0.2 0.82 18 
aMean value (range) in g m-3 
bStatistics defined in Table S.2 
cNumber of model-observation pairs in the comparison 
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Figure S.6. Daily average PM2.5 NO3
- concentration for 24-29 May 2010 (only concentrations > 0.2 g m-3 
are shown for clarity). 
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Figure S.7. Relationship between NH4
+ and 2SO4
2-+NO3
- for daily average PM2.5 data at CSN sites during 
May-June 2010. 
Table S.4. Statistical comparison of molar daily-average concentrations of NH4
+ and 2SO4
2-+NO3
- for 
observations and predictions at CSN sites in SoCAB and SJV. 
Site Case NMDa rb n
c 
Baker-5558Ca Modeled -26.7 0.98 10 
Baker-5558Ca Observed -30.5 0.98 10 
Fresno-1st Modeled -31.7 0.92 18 
Fresno-1st Observed -33.2 0.95 18 
Ls_Ang-NMain Modeled -13.7 1 8 
Ls_Ang-NMain Observed -26.9 0.95 8 
Rvrside-Rubi Modeled -14.1 1 17 
Rvrside-Rubi Observed -13 0.98 17 
aCalculated according to NMB equation (Table S.2) with 2SO4
2-+NO3
- in the role of “observed value” and 
NH4
+ in the role of “predicted value”  
bPearson correlation coefficient 
cNumber of model-observation pairs in the comparison 
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S.2. NH3 and HNO3 evaluation using NOAA WP-3 aircraft observations 
 Model predictions of NH3 and HNO3 concentration were compared with observations made on 
NOAA WP-3 flights above SoCAB and SJV in May and June 2010.  Observations were obtained from 
http://esrl.noaa.gov/csd/tropchem/2010calnex/P3/DataDownload.   
In Figure S.8, model predictions of NH3 are compared with observations along NOAA WP-3 flight 
transects used by Nowak et al., (2012) in estimating NH3 emissions from dairy facilities in SoCAB.  
Observed and predicted concentrations of NH3 and HNO3 for southern SJV flights on 7 May and 16 June 
2010 are compared in Figures S.9 – S.12.  
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Figure S.8. Comparison of NH3 observations and model predictions along the NOAA WP-3 flight transects 
downwind of dairy facilities in SoCAB. (top) absolute modeled and observed concentrations, (middle 
left) PST hour of flight and transect number, (middle right) concentration difference (prediction – 
observed) and transect number, (bottom) time series of concentrations along transects (1)-(3).  Transect 
data were used by Nowak et al. [2012] in estimating emissions from the dairy facilities. 
13 
 
 
Figure S.9. Comparison of observed and predicted NH3 concentrations for NOAA WP-3 flight on 7 May 
2010. (top) absolute concentration, (middle) flight PST hour and concentration difference, i.e., predicted 
– observed, and (bottom) concentration time series and aircraft altitude. 
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Figure S.10. Same as Figure S.9 but for 16 June 2010 flight. 
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Figure S.11. Same as Figure S.9 but for HNO3 
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Figure S.12. Same as Figure S.9 but for HNO3 on 16 June 2010 flight 
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S3. Evaluation at the CalNex-2010 ground sites 
 In this section, air quality model predictions are compared with measurements made at the 
Pasadena and Bakersfield grounds sites during May and June 2010.  Information on the sites is given in 
Table S.6 and the locations are shown on the map in Figure S.1. 
 
Table S.6. Information on CalNex-2010 surface sites shown in Figure S.1. 
Short Name Latitude Longitude Address City County Air Basin 
Pasadena 34.1408 -118.1223 CalTech Campus Pasadena Los Angeles South Coast 
Bakersfield 35.3463 -118.9654 UC Cooperative 
Extension Kern 
Bakersfield Kern San Joaquin 
Valley 
 
S.3.1. Pasadena CalNex-2010 ground site 
 Measurements made at the Pasadena ground site used in this study are described in Table S.7.  
These observations were obtained from 
http://esrl.noaa.gov/csd/tropchem/2010calnex/Ground/DataDownload.  Statistical metrics for 
comparisons of model predictions and observations are provided in Table S.8.  Diurnal boxplots 
comparing model predictions and measurements for the nitrate system and meteorology variables at 
the Pasadena ground site are provided in Figures S.13 and S.14.  Time series comparisons are provided 
in Figures S.15-S.31.   
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Table S.7. Measurements at the CalNex-2010 Pasadena ground site used here. 
Measurement Reference Technique Sample 
Interval 
NH3 Ellis et al. (2010)
c Quantum cascade tunable infrared laser 
differential absorption spectroscopy 
1 h 
HCl, HNO3 Veres et al. 
(2008)d 
Negative-ion proton transfer chemical ionization 
mass spectrometry (CIMS) 
1 mina 
O3  UV differential absorption (49c Ozone  
Analyzer, Thermo Scientific) 
1 mina 
SO2  Pulsed ﬂuorescence (Thermo Environmental 
Model 48i-TLE)  
1 mina 
NO  Chemiluminescence (CL, Thermo Electron 
Instruments, model 42i-TL) 
1 mina 
NO2  Photolysis (Air Quality Designs, model BLC) 
followed by CL (Thermo Electron Instruments, 
model 42i-T) 
1 mina 
NOy  Moylbdenum conversion followed by CL (Thermo 
Electron Instruments, model 42i-TL) 
1 mina 
NO3
-, SO4
2-, NH4
+, Cl-, 
Na+, K+ 
Weber et al. 
(2001)e 
Particle into liquid sampling (PILS) and ion 
chromatography (IC) 
10 mina 
Planetary Boundary 
Layer (PBL) Heightb 
Haman et al. 
(2012)f 
Vaisala Ceilometer CL31  
Temperature (T), 
relative humidity 
(RH), Wind Speed 
(WSPD), Wind 
Direction (WDIR)b 
 Davis VantagePro2 weather station  
aAveraged to 1 h for comparison with CMAQ hourly average concentration predictions 
bMeteorological measurements were matched with instantaneous WRF predictions at each hour 
cEllis, R. A., J. G. Murphy, E. Pattey, R. van Haarlem, J. M. O'Brien, and S. C. Herndon (2010), Characterizing a 
quantum cascade tunable infrared laser differential absorption spectrometer (QC-TILDAS) for measurements of 
atmospheric ammonia, Atmos. Meas. Tech., 3, 397–406. 
dVeres, P., J. M. Roberts, C. Warneke, D. Welsh-Bon, M. Zahniser, S. Herndon, R. Fall, and J. de Gouw (2008), 
Development of negative-ion proton-transfer chemical-ionization mass spectrometry (NI-PT-CIMS) for the 
measurement of gas-phase organic acids in the atmosphere, Int. J. Mass spectrom., 274, 48–55, 
doi:10.1016/j.ijms.2008.04.032. 
eWeber, R. J., D. Orsini, Y. Daun, Y.-N. Lee, P. J. Klotz, and F. Brechtel (2001), A particle-into-liquid collector for 
rapid measurements of aerosol bulk chemical composition, Aerosol Sci. Technol., 35, 718–727, 
doi:10.1080/02786820152546761. 
fHaman, C. L., Lefer, B. L., and Morris, G. A. (2012), Seasonal variability in the diurnal evolution of the boundary 
layer in a near coastal urban environment, J. Atmos. Ocean. Technol., 29, 697–710, doi:10.1175/JTECH-D-11-
00114.1. 
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Table S.8. Statistical comparison of model predictions and observations at the Pasadena site. 
Variable Modeleda Observeda NMBb NMEb RMSEb rb nc 
NH4
+ 0.99 (0.05-4.11) 1.8 (0.73-3.41) -45.1 63.1 1.3 0.21 121 
NO3
- 3.31 (0.01-17.32) 4.99 (0.24-25.22) -33.7 62.5 4.2 0.57 565 
SO4
2- 3.09 (0.25-18.53) 2.26 (0.01-8.41) 36.7 64.5 2.4 0.65 565 
Cl- 0.13 (0-1.27) 0.55 (0.02-2.02) -76.7 91.8 0.7 -0.2 564 
Na+ 0.19 (0.08-0.38) 0.78 (0.21-1.39) -75.8 75.8 0.7 0.29 121 
K+ 0.05 (0.03-0.11) 0.23 (0.07-0.33) -76.2 76.4 0.2 -0.4 106 
HNO3 1.23 (0.01-7.27) 2.5 (0.1-13.42) -51 59.2 2.3 0.72 671 
NH3 5.02 (0.05-23.2) 2.12 (0.1-6.8) 136.6 144.6 4.1 0.48 674 
SO2 0.94 (0-8.66) 0.32 (0-2.38) 194.6 226.1 1.3 0.06 736 
HCl 0.14 (0-0.57) 0.84 (0.01-5.96) -83.7 84.6 1.2 0.36 697 
O3 31.37 (0.01-92.09) 33.06 (-0.1-101.74) -5.1 29.1 12.6 0.74 748 
NO 3.52 (0.03-30.31) 2.38 (-0.05-60.43) 47.8 106.4 5.4 0.4 723 
NO2 20.52 (3.45-54.86) 12.67 (2.55-36.74) 62 75.7 12.5 0.48 471 
NOy 25.68 (1.51-75.65) 20.77 (3.99-84.04) 23.7 47.4 13.1 0.44 723 
PBL 599.19 (24.42-3297.7) 530.2 (40-1809) 13 49.2 429.8 0.65 604 
T 290.86 (283.63-302.28) 291.05 (283.15-303.25) -0.1 0.3 1.4 0.95 828 
RH 63.64 (14.97-99) 68.63 (23-92) -7.3 13.1 11.7 0.86 828 
WSPD 2.4 (0.02-7.99) 0.76 (0-6.7) 214.2 214.8 1.9 0.72 828 
WDIR 225.41 (70.53-340.28) 185.68 (0-360) 21.4 29.5 73.8 0.31 824 
a Mean value (range): ions in g m-3, gases in ppb, PBL height in m, T in K, RH in %, WSPD in m/s, WDIR in 
degrees 
bStatistics defined in Table S.2 
cNumber of model-observation pairs in the comparison 
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Figure S.13. Comparison of diurnal distributions of measurements and predictions at the CalNex-2010 
Pasadena site for the nitrate system during 15 May – 15 June. (top) HNO3, (second row) PM2.5 NO3
-, 
(third row) TN: HNO3+NO3
-, (bottom) GFN: HNO3/ (HNO3+NO3
-) 
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Figure S.14. Comparison of diurnal distributions of predicted and measured meteorology variables at the 
CalNex-2010 Pasadena site during May and June 2010. 
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Figure S.15. Comparison of observed and predicted temperature at the CalNex-2010 Pasadena ground 
site. Shaded regions indicate episodes discussed in Section 3.3.1. 
 
Figure S.16.  Same as Figure S.15 but for relative humidity. 
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Figure S.17.  Same as Figure S.15 but for planetary boundary layer (PBL) height. 
 
 
Figure S.18. Same as Figure S.15 but for NH3 concentration. 
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Figure S.19. Same as Figure S.15 but for SO2 concentration. 
 
Figure S.20. Same as Figure S.15 but for NO concentration. 
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Figure S.21.  Same as Figure S.15 but for O3 concentration. 
 
Figure S.22.  Same as Figure S.15 but for NO2 concentration. 
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Figure S.23.  Same as Figure S.15 but for NOy concentration. 
 
 
Figure S.24. Same as Figure S.15 but for wind speed. 
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Figure S.25. Same as Figure S.15 but for wind direction.  Pink shaded region indicates hours 9-15 PST  
 
 
Figure S.26. Same as Figure S.15 but for SO4
2- concentration. 
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Figure S.27.  Comparison of measurements and predictions at the CalNex-2010 Pasadena site for the 
ammonia system. (top) NH3, (second row) PM2.5 NH4
+, (third row) TA: NH3+NH4
+, (bottom) GFA: NH3/ 
(NH3+NH4
+) . Shaded regions indicate episodes discussed in Section 3.3.1. 
 
 
Figure S.28. Same as Figure S.15 but for Na+ concentration. 
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Figure S.29. Same as Figure S.15 but for Cl- concentration. 
 
 
Figure S.30. Same as Figure S.15 but for HCl concentration. 
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Figure S.31. Same as Figure S.15 but for K+ concentration. 
 
 
  
31 
 
S.3.2. Bakersfield CalNex-2010 ground site 
 Measurements made at the Bakersfield ground site used in this study are described in Table S.9.  
These observations were obtained from https://bspace.berkeley.edu/portal/.  Statistical comparisons of 
model predictions and observations are provided in Table S.10.  Time series and diurnal boxplot 
comparisons are provided in Figures S.32 – S.35 and S.37 - S.44. 
Table S.9. Measurements from CalNex-2010 Bakersfield ground site used here. 
Measurement Reference Technique Interval 
NO2, ΣRO2NO2, ΣRONO2
c Wooldridge et al. 
(2010)d 
Thermal Dissociation-Laser Induced 
Fluorescence (TD-LIF) 
1 mina 
NOc  Chemiluminscence 1 mina 
O3  UV monitor (1008 DASIBI Environmental) 1 s
a
 
HNO3
c
 Crounse et al. (2006)
e
 CIMS 0.5 s
a
 
NO3
-, SO4
2-, NH4
+, Cl, NH3, SO2, 
HCl 
Markovic et al. (2013)f Ambient ion monitor-IC 1 h 
T, RH  Vaisala HMP45C RH/T sensor 1 sb 
Wind speed, wind direction  R.M. Young 5103 wind monitor 1 sb 
aAveraged to 1 h for comparison with CMAQ hourly average concentration predictions 
b
30 min average meteorological measurements were matched with WRF predictions at each hour 
cNOy is estimated as NO + NO2 + ΣRO2NO2 + ΣRONO2
 +HNO3 
d
Wooldridge, P. J., et al. (2010), Total peroxy nitrates (ΣPNs) in the atmosphere: The thermal dissociation-laser induced fluorescence (TD-LIF) 
technique and comparisons to speciated PAN measurements, Atmos. Meas. Tech., 3(3), 593–607, doi:10.5194/amt-3-593-2010. 
e
Crounse, J. D., K. A. McKinney, A. J. Kwan, and P. O. Wennberg (2006) Measurement of Gas-Phase Hydroperoxides by Chemical Ionization Mass 
Spectrometry Anal. Chem. 2006, 78, 6726-6732 
f
Markovic, M. Z., T. C. VandenBoer, K. R. Baker, and J. G. Murphy (2013) Measurements and modeling of inorganic chemical composition of fine 
particulate matter and associated precursor gases in California’s San Joaquin Valley during CalNex 2010 (in prep)  
Table S.10. Statistical comparison of model predictions and measurements at CalNex Bakersfield site 
Species Modeleda Observeda NMBb NMEb RMSEb rb nc 
NH4
+ 0.28 (0.01-2.08) 0.46 (0.04-1.62) -38.1 64 0.4 0.18 582 
NO3
- 0.35 (0-5.26) 0.79 (0.04-4.16) -55.6 75.1 0.7 0.45 719 
SO4
2- 0.83 (0.15-1.78) 0.6 (0.01-4.07) 38.6 65.9 0.5 0.28 719 
Cl- 0.00 (0.00-0.18) 0.07 (0-0.88) -93.3 96.4 0.1 0.00 618 
HNO3 1.08 (0.05-5.56) 0.35 (0.02-1.91) 204.8 206.3 1 0.8 761 
NH3 19.37 (3.16-77.18) 19.71 (0.9-64.08) -1.7 56.4 14.7 0.15 608 
SO2 0.31 (0-1.6) 0.8 (0.01-4.96) -60.6 69.5 0.8 0.1 765 
HCl 0.06 (0-0.26) 0.1 (0-0.78) -39 73.7 0.1 0.28 634 
NO 2.35 (0.02-46.19) 2.27 (-0.04-66.26) 3.3 116.5 6.8 0.12 1010 
NO2 13.66 (0.81-70.44) 8.97 (0.9-47.41) 52.3 108.5 14.5 0.18 955 
NOy 18.31 (3.07-85.42) 6.65 (1.2-19.94) 175.3 184.2 18.2 0.09 237 
T 295 (282-312) 297 (282-313) -0.4 0.7 2.5 0.95 1057 
RH 38.6 (11.7-91.5) 37.9 (9.9-94.0) 1.8 19 9.3 0.84 1057 
WSPD 2.58 (0.01-8.48) 2.69 (0.02-8.14) -4.2 31.8 1.1 0.69 1057 
WDIR 272.33 (0.03-359.8) 252.7 (2-358.8) 7.8 22.9 87.1 0.46 1010 
a Mean value (range): ions in g m-3, gases in ppb, T in K, RH in %, WSPD in m/s, WDIR in degrees 
bStatistics defined in Table S.2 
cNumber of model-observation pairs in the comparison 
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Figure S.32.  Comparison of measurements and predictions at the CalNex-2010 Bakersfield site for the 
nitrate system. (top) HNO3, (second row) PM2.5 NO3
-, (third row) TN: HNO3+NO3
-, (bottom) GFN: HNO3/ 
(HNO3+NO3
-) .  
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Figure S.33.  Same as Figure S.32 but for the ammonia system 
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Figure S.34. Comparison of diurnal distributions of measurements and predictions at the CalNex-2010 
Bakersfield site for the NHx system during 22 May – 28 June. (top) NH3, (second row) PM2.5 NH4
+, (third 
row) TA: NH3+NO4
+, (bottom) GFA: NH3/ (NH3+NH4
+) 
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Figure S.35.  Comparison of diurnal distributions of predicted and measured gases at the CalNex-2010 
Bakersfield site during May and June 2010. 
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Figure S.36. Domain-wide NH3 emissions totals for agricultural sector by hour of day.  
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Figure S.37.  Comparison of diurnal distributions of predicted and measured meteorology variables at 
the CalNex-2010 Bakersfield site during May and June 2010. 
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Figure S.38.  Comparison of observed and predicted SO2 concentration at the CalNex-2010 Bakersfield 
ground site. 
 
Figure S.39.  Same as Figure S.38 but for SO4
2- concentration 
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Figure S.40.  Same as Figure S.38 but for HCl concentration 
 
Figure S.41.  Same as Figure S.38 but for Cl- concentration 
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Figure S.42.  Same as Figure S.38 but for NO concentration 
 
 
Figure S.43.  Same as Figure S.38 but for NO2 concentration 
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Figure S.44. Same as Figure S.38 but for NOy concentration.  NOy was estimated as NO + NO2 + ΣRO2NO2 
+ ΣRONO2
 +HNO3 
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S.4. Examining gas-particle partitioning at the CalNex-2010 ground sites with ISORROPIA II 
 Simulations using the ISORROPIA II inorganic aerosol thermodynamics model were conducted to 
help understand the causes of biases in gas-particle partitioning predictions of nitrate and ammonia at 
the CalNex-2010 ground sites.  Simulations were conducted for a range of TA and TN levels where values 
of T, RH, SO4
2-, Na+, K+, Ca2+, Mg2+, and total chloride (TCl) (i.e., HCl+Cl-) were fixed at the average values 
of the model predictions or observations (where available) for two time periods: 14-16 PST and 0-3 PST 
(Table S.11).  Predicted values were used for ions in the “observed conditions” cases where observations 
are unavailable (Ca2+, Mg2+ in Pasadena; Na+, K+, Ca2+, and Mg2+ in Bakersfield).  
ISORRIOPIA II predictions based on average conditions at the Pasadena ground site are provided in 
Figures 10 and 11 of the main article.  Results for the Bakersfield site are provided in Figures S.45–S. 48.  
The purpose of Figure S.45 is to examine the impact on GFN of setting the values of T and RH in the 
modeled case to the observed value.  For nighttime conditions (0-3 PST), setting the RH to the observed 
value yields good agreement in GFN for the “observed conditions” and “modeled conditions” cases 
(Figure S.45, purple markers).  In Figure S.46, GFN predictions are shown as a function of TA and TN for 
average modeled conditions (left) and observed conditions (right) for 14-16 PST (top) and 0-3 PST 
(bottom).  The discontinuous pattern of predictions during the day (top) could be related to ionic 
strengths exceeding the cap of 100 m in ISORROPIA II for these conditions (Figure S.47, top).  Smoother 
GFN patterns are predicted when ISORROPIA II is run in “stable state” mode where crystallization occurs 
when electrolyte solutions exceed saturation (Figure S.48, top).  See Section 3.4 of the main article for 
further discussion. 
 
Table S.11. Values used for ISORROPIA II calculations at a range of TA and TN levels for average 
“observed conditions” and “modeled conditions”.   
Site Case Time 
(PST) 
T 
(K) 
RH 
(%) 
SO4
2- 
(mol m-3) 
TCL 
(mol m-3) 
Na+ 
(mol m-3) 
Ca2+ 
(mol m-3) 
K+ 
(mol m-3) 
Mg2+ 
(mol m-3) 
Bakersfield Observed 14-16 302.9 21.6 6.78E-09 1.00E-08 N/A N/A N/A N/A 
Bakersfield Modeled 14-16 300.9 25.7 8.19E-09 2.63E-09 1.66E-09 9.46E-10 6.65E-10 5.32E-10 
Bakersfield Observed 0-3 291.6 51.8 5.45E-09 2.75E-09 N/A N/A N/A N/A 
Bakersfield Modeled 0-3 292.1 44.3 8.85E-09 1.84E-09 2.76E-09 1.88E-09 1.10E-09 4.42E-10 
Pasadena Observed 14-16 295.4 53.3 2.77E-08 8.43E-08 4.06E-08 N/A 6.09E-09 N/A 
Pasadena Modeled 14-16 296.3 43.4 2.47E-08 9.33E-09 4.25E-09 2.75E-09 9.10E-10 1.15E-09 
Pasadena Observed 0-3 287.4 83 2.15E-08 2.40E-08 3.27E-08 N/A 5.66E-09 N/A 
Pasadena Modeled 0-3 287.3 79.8 3.11E-08 9.98E-09 7.53E-09 3.97E-09 1.49E-09 1.26E-09 
aN/A indicates that observations were unavailable; modeled values were used in calculations in these 
cases 
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Figure S.45. Metastable-branch ISORROPIA II predictions of molar GFN at observed and predicted TA and TN levels 
based on average observed conditions and modeled conditions for T, RH, SO4
2-, TCL, Na+, Ca2+, K+, and Mg2+ at 
Bakersfield. Markers correspond to the base modeled-conditions case and sensitivity cases where select values for 
the modeled-conditions case (i.e., RH and T) were set to observed values.  Note that measurements of Na+, Ca2+, 
K+, and Mg2+ were unavailable, and so modeled values were used for these ions in all cases.  
 
 
 
Figure S.46. Metastable-branch ISORROPIA II predictions of molar gas fraction of nitrate (HNO3/ (HNO3+NO3
-) 
based on average modeled (left) and observed (right) conditions at Bakersfield for T, RH, SO4
2-, TCL, Na+, Ca2+, K+, 
and Mg2+ during day (top) and night (bottom) hours.  Open circles correspond to observed and predicted TA and 
TN at matching hour. Measurements of Na+, Ca2+, K+, and Mg2+ were unavailable, and so modeled values were used 
for these ions in all cases. 
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Figure S.47.  Same as Figure S.46 but for ionic strength.  Note that ISORROPIA II caps ionic strength at 100 m 
 
 
Figure S.48.  Same as Figure S.46 but for stable-branch ISORROPIA II calculations. 
